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INTRODUCTION 
A study of the gastrointestinal tract and the gall 
bladder in their relation to heart disease is well 
worth our attention. The subject raises intricate pro-
blems concerning the nature of pain, the innervation of 
thoracic and abdominal viscera and leads to a better 
understanding of the intimate relationships existing 
between the two systems. Moreover, the gastrointes-
tinal symptoms of heart disease are not only as fre-
quent as those which may be termed "thoracic", but 
are protean in character and of great practical signi-
ficance. Too fre~uently mention is made in t:ezt books 
and the literature of some of the abdominal signs and 
symptoms of heart disease, such as having stated that 
when a patient complains of his stomach, his heart is 
at fault,, but no explanation is offered. lt'urthermore,, 
in some of the more recent literature,, experimental and 
clinical evidence is being brought forward,, such to the 
extent that the seat of pathology in some of the car-
diac disturbances may actually be found in the gastro-
intestinal tract and gall bladder. Some contributors, 
for example, go so far as to say that the entire cause 
of angina pectoris lies within the gastrointestinal 
tract. 
i. 
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In view of all this, it is of no small significance 
to probe more deeply beneath the surface and to inquire 
into the relationships existine between the circulatory 
and the gastrointestinal tract and gall bladder. Em-
phasis throughout this paper s being placed on the more 
questionable aspects that the gall bladder and gastro-
intestinal tract play in hear disease. 
Hence I have chosen "The Role of the Gastrointes-
tinal Tract and the Gall Bladder in Heart Disease" as 
the title of this paper. And this chiefly for two rea-
sons: first, because the subject is essentially a 
practioal one, coming, as it does, within the cogniz-
ance of all in the course of daily medical and sur-
gical practice, and secondly, for the reason I have 
already alleged that on this topic surprizingly little 
is to be found in the text books and literature. 
A prophet of old exclaimed, "My bowels, my bowels! 
I am pained at my very heart". Today many a patient 
might cry aloud, "My heart, my heart! I am pained at 
my very bowels". (Cited from hitchie, 78) Thus, we 
shall attempt to see why. 
ii. 
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THE ROLE OF THE GASTR9INTESTINAL TRACT 
The clinical significance of gastrointestinal 
disturbances in angina pectoris and other cardiac dis-
orders has long been conceded by various writers. The 
opinions held through the middle ages are summarized 
by the great physician Fernel who wrote in 1554: 
"Many symptoms vex the ostium at the begin-
ning of the stomach. Some of these result from 
the fact that this structure is endowed with an 
extraordinary degree of sensation and is con-
nected with affinity to the principal parts of 
the heart and to the brain. To these other 
organs indeed, it is generally agreed, it may 
communicate its troubles and provoke them in 
various ways: the heart to cause swooning, syn-
cope, and pain which has been labeled cardial-
gia; the brain to cause lethargy, catalepsy, 
brooding, and insociability, melancholy, and 
delirium, the reasons and causes of all of which 
are adequately explained thereby." 
Fernel also said that palpitation and abnormalities of 
the pulse may be caused by indigestion, in particular 
excess of food or drink. (White,75) 
About two hundred years later, Senac, according 
to White (75), wrote that the stomach is one of the 
commonest causes of palpitation. This he explained 
by a full stomach pressing against the diaphragm and 
interferring with respiration as well as compressing 
the aorta. In addition distention of the stomach 
might stimulate the nerves which directly induced 
palpitation according to him~. 
I f/;-: 
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Clinical Observations 
The chief physical signs and symptoms met with as 
the result of linkage between the circulatory and gastro-
intestinal tracts may be classified into four groups, 
which are: (1) dyspepsias of various types, (2) car-
diac pain, (3) changes in heart rate and rhythm, and 
(4) a group of cases in which sudden death occurred 
as the result of some gastrointestinal disturbance. 
It is through the agency of the vagus nerve, the af-
f erent depressor nerve, and any other nerve within 
the cardiac and gastrointestinal areas which conducts 
afferent impulses to the central nervous sys~em in 
association with the sympathetic system that the 
heart and digestive tube become interrelated, and in 
many respects interdependent. This will be discussed 
more fully later. 
The Dyspepsias 
Probably the most frequent complaint common to 
both circulatory and gastrointestinal systems is that 
of flatulence with its attendant gaseous eructations. 
Of the cardiac diseases, it is particularly promin~nt 
in angina pectoris and in cases of slow cardiac decom-
pensation. It is also found in chronic rheumatic pan-
-3-
carditis, adhesive pericarditis, chronically dilating 
hearts as from long-standing slowly progressive val-
vular disease (Brooks, 12), in functional cardiac dis-
orders (56), as well as in acute coronary thrombosis. 
Verdon (69) points out that flatulent persons do 
not necessarily have dilated stomachs, as was formerly 
thought to be, and on the contrary, he found their 
stomachs small and contractile. He cites that in four 
out of five cases of angina pectoris submitted to him 
for x-ray examination, the stomachs were hyper-irri-
table and that the barium meal was n.etained for hardly 
any length of time. Ee found the same conditions true 
in general for cases of hysteria and habitual smokers. 
Frequently Verdon would terminate anginous attacks by 
passing a gastric tube only to observe the escape of 
large amounts of gas. These observations and others 
to be mentioned later, led this writer to believe that 
a hyperirritable stomach produced most attacks of an-
gina pectoris. 
In 1912, Rhoemheld first described what he called 
the "gastro-cardiac symptom complex". This is a type 
of case presenting signs and symptoms of heart disease 
arising from functional or "pre-organic" disease of 
the gastrointestinal tract (Niehaus, 47). Such pat-
1 ' ~ 
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ients, accordine; to Niehaus, gave symptoms of palpita-
tions, vary:i.n[; degrees of dyspnea, belching, nausea, 
vomiting, hiccough, and faintness and giddiness. There 
is a sensation of pressure, crowding and sticking in 
the region of the heart or more particularly along the 
left costal margin. l<'urtherrnore, he states in some 
cases it amounts to precordial pain, which may radiate 
to the arms. Niehaus points out that Rhoemheld and 
other Germans in the same field attribute this sym-
ptom complex to an elevation and impaired mobility of 
the diaphragm by a distended stomach or colonic flex-
ure. These distended organs rise into the dome of the 
diaphr~gm displacing the heart and the latter's rela-
tions to the great vessels. In man, both Niehaus and 
Dally (18) say that this change in the heart's posi-
tion can be demonstrated clinically by percussion. 
Finally, Niehaus states: 
"This pressure, exerted over long periods, 
stretches the diaphragm, and finally results in 
atrophy. This permits these disturbed relations 
to exist permanently, together with a decreased 
diaphragmatic mobility." 
Aerophagia or air-swallowing is frequently men-
tioned as developing in those patients subject to fre-
quent gaseous eructations. Such patients by obtaining 
relief of distress through belching unconsciously learn 
to swallow air in a further attempt to eructate more 
-~--· 
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frequently thereby reducing the chances for the ac-
cumulation of distressing flatulence. Verdon (69) 
brings to our attention that normally people swallow 
much saliva containing air, which accumulates in the 
gastrointestinal tract. In tubing aneinous patients, 
he noticed that occasionally the castric tube would 
become plugged with a frothy mucous. This led him to 
consider whether gas in the stomach is free or im-
prisoned in saliva and mucus. The voluminous eruc-
tations of gas following the oral ad.ministration of 
sodium bicarbonate in water was satisfyinc; evidence to 
him in favor of the latter view, especially in those 
ang:J.nous patients wb.o felt the desire to belcp but 
otherwise could not. Wolffe and Digilio (79) find 
similar results in cases of coronary thrombosis in 
which flatulence is a disturbing factor. On other 
occasions Verdon observed the "spongy and yeasty" char-
acter of matter vomited by anginous patients. This 
further substantiated this belief of his. Dally (18) 
adds a significant differential diagnostic point by 
stating that aerophagia is an important factor in 
pseudocardiac dyspepsia in that forced belching occurs 
and can be recognized by its loud and noisy character. 
That nausea and vomiting, anorexia, and consti-
pation frequently occur in cardiac disorders is com-
monly accepted. Iviention should be made, however, of 
_.-._ > __ 
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the observation of the Jacksons' (31) in cases of 
coronary thrombosis. According to them, there are re-
ported in the literature over forty cases of rupture of 
the esophagus following a clinical course resembling 
closely that of coronary thrombosis. They contend that 
acute, spasmodic, incoordinated contractions of the eso-
phagus and stomach associated with vomiting are respon-
sible for such autopsy findings. They also believe that:; 
angina pectoris represents the clinical picture of par-
tial repture or temporary straining in the esophagus or 
stomach as the result of the same mechanism. The fact 
that the vomitus frequently contains blood is in their 
opinion further evidence of such an event. Anginal at-
tacks have also been known to occur in the presence of 
constipation and to vanish with regular action of the 
bowels (18). 
In cases of chronic coronary disease, Wolffe and 
Digilio (79) find that the gastrointestinal manifes-
tations, can with few exceptions, be recognized as ex-
pressions of autonomic imbalance. It seems to be ex-
pressed either predominantly along the sympathetic or 
the parasympathetic component of the autonomic system. 
The former resembles very much the syndrome of chronic 
biliary disease associated with epigastric fullness, 
".::, -- __ :..,, 
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flatulence, belching, constipatj_on, pyrosis, and epi-
gastric pain. Patients in whom the parasympathetic 
component predominates present a group of symptoms which 
contrast with those just mentioned. It closely mimics 
spastic colitis and peptic ulcer. These patients may 
complain of abdominal cramps, occasional loose stools 
alternating with constipation, red beefy tongues, oc-
casj_onal tenesmus, associated with the attacks of pre-
cordial pain. Frequently associated with the painful 
attacks is salivation. 
Changes in Heart Rate and Rhythm 
The manifestations of the gastrointestinal tract 
observed clinically in this respect may be (1) re-
' 
tardation of the rate of the heart, (2) acceleration of 
the heart rate, (3) sinus arrhythmia, (4) palpitation 
and ectopic beats, and (5) heart block. 
Although in the rate of the heart beat, there are 
wide variations both physiologically and individually, 
but continued vagus irritation with subsequent slowing 
of the pulse frequently is the result:·of some f'orm of' 
dyspepsia (18). Also, in stout people and those indulg-
ing heavily in food, wine, and tobacco, Dally (18) often 
finds a relatively slow pulse, a condition not impro-
bably due to a coexisting coronary sclerosis. He not-
r --~--- ---------- - --
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ices that this condition may be intermittent and paro-
xysmal in reference to gastric digestion or to exces-
sive gastric irritation and be accompanied by weak car-
diac action, with small feeble pulse, cold extremities,, 
and in severe cases syncopal attacks, or it may become 
chronic. Niehaus (47) notices that a bradycardia is 
often associated with a gastric hyperacidity. 
Normally the pulse is increased fre~uently after 
/ a meAl. In those cases in which the diaphragm and the 
heart are displaced by a distended stomach or colonic 
flexure, there is usually a rapid heart action; also 
anacidity is associated with a simple or even paroxys-
mal tachycardia (47). One of the more dramatic evidences 
of the close relationship between the stomach and heart 
is the rapid increase in pulse with the development of 
an acute gastric dilatation postoperatively (9). 'l'his 
rapid increase,, according to Best (9), is out of pro-
portion to the accidental or operative trauma. He re-
marks about the rapid drop in pulse upon the introduc-
tion of a constant suction apparatus. Niehaus adds 
that in this condition the mechanical effect of the dis-
tended stomach on the heart is one of the major problems 
in managing such a case. 
During the past year, the writer has observed two 
. \ ' 
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cases in whj_ch a relationship between the gastroin-
testinal tract and an acceleration of the heart rate 
was very sugf;esti ve. One of them, was a male, age 56, 
who for the past ten years or more has had frequent 
bouts of "indigestion" anO. epigastric pain sugresting 
a peptic ulcer. Six years ago he had a sudden attack 
of marked and rapid palpitation, which after lasting 
about an hour suddenly ceased. Since that time he has 
had frequent similar attacks, which are precipitated by 
exertion and over-eating. Also with a return of his 
peptic ulcer symptoms the frequency of these attacks of 
palpitation increase. The electrocardiogram proved the 
presence of a paroxysmal ventricular tachycardia during 
the attacks, whereas otherwise it showed definite evi-
dence of arteriosclerotic heart disease. At the present 
time this patient is under ulcer management, the outcome 
of which will be interesting to note. 
The other patient, whose main complaint was and had 
been flatulence, developed an auricular riutter. The 
final diagnosis after careful study by his doctors was 
an acute gastritis with functional biliary disease. 
D~l,ly ( 18) incidently mentions that sinus arrhy-
thmia is known to occur due to more or less rhythmic 
reflexes from the stomach and upper intestine together 
-10-
with toxic causes due to products of intestinal sta-
sis, caffeine, and tobacco. Palpitation and extra-
systoles are of frec;uent occurrence in different forms 
of dyspepsia often coming on at night especially after 
a heavy meal and causing restlessness and broken sleep; 
they may also occur in healthy hearts by dilatation of 
the stomach as the results of fermentation (18,47). 
Weiss and Ferris (73), and Iglauer and Schwartz 
(30) have reported instances of heart block in cases of 
cardiospasm. ,In the case reported by the former, the 
patient's condition was so severe that she attempted 
suicide, since merely swallowing food regularly induced 
fainting from heart block (Adams-Stokes syndrome). 
Likewise, heart block in the other case was induced by 
merely swallowing. 
Mackenzie observed an individual with rheumatic 
heart disease in whom swallowing produced transitory 
auriculo-ventricular block {cited by 22). Again Fish~ 
berg (22) describes a woman, whomrhe saw, with auricular 
flutter. Ocular pressure on her resulted in disappear-
ance of the pulse for fifteen seconds with complete 
unconsciousness of about two minute's duration. 
Robinson and Draper (57,58) found that in aur-
icular fibrillation pressure ori the right carotid 
-11-
sinus usually causes marked slowi~~ or stoppage of the 
ventricles. By the same procedure, they were sometimes 
able to produce complete auriculo-ventricular dissocia-
, 
tion in children. 
Cardiac Pain 
The gastrointestinal tract plays a dual role in 
heart disease in the production of pain, by being fre-
quently the source of pain or that to which pain is 
referred. Under both conditions it is closely related 
to what is u~ually accepted as being heart disease. It 
is common knowledge that the taking of food and flat-
ulence frequently cause epigastric as well as precor-
dial distress often passing over into definite pain. 
However, there are certain other aspects of car-
diac pain, which are to be considered here. The pres-
ence of severe abdominal pain in the acute coronary 
thrombosis patients presents a striking clinical pie-
ture and its presence is well appreciated by most 
writers on the subject. But coronary disease offers 
other types of gastrointestinal pain, which Wright (81) 
has classified roughly into four groups. 
The first group is the flatulent dyspeptic, which 
is the most fre~uent. He states that such individuals 
) 
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least of all believe that the symptoms are cardiac in 
origin. The second group complain of epieastric ful-
ness coming on when they exert themselves immediately 
after a meal. In the third group are those cases which 
simulate that of acute indigestion following an unus-
ual or heavy meal. Usually they show some accompany-
ing siens of cardiac failure. The last group contains 
those in whom tbe abdom~nal pain is so acute as to 
simulate an acute abdominal catastrophe. 
The commonly accepted theory of coronary spasm as 
causing angina pectoris has been attacked by some 
writers largely as the result of certain clinical ob-
servations. That relief from epigastric fulness and 
some types of cardiac pain is afforded by the discharge 
of gas either by eructations or per rectum is a common 
clinical observation. Furthermore, several authors 
(26,46,66,69, and 71) have been noting that by direct-
ing therapy partly toward the gastrointestinal tract 
in sucb cases, and thereby diminishing the amount of 
abdominal distention, cardiac pain and nocturnal dys-
pnea has been mitigated. 
Verdon's (69) practice of gastric intubation to 
relieve gastric distention in anginal patients has al-
ready been mentioned. Morrison and Swalm (46) had 
----~ ~----·-----~---.--·:·-~-·---~...-........---'---- __ __:__.,!!.....___;_ __ ~- ~--
1' 
, ... 
-13-
noticed that several of their patients with angina pee-, 
toris and eastrointestinal disorders failed to respond 
to the usual manaGement of tl:is disease,, i.e.,, by the 
administration of the xanthine derivatives as well as 
the nitrites and by curtailment of their activities,, 
etc. But on intensive therapy directed toward the 
gastrointestinal tract,, the frequency and severity of 
anginal paroxysms was reduced. 
There is yet to be considered one other interest-
ing clinical observation in this regard. Von Bergmann 
has described a whole series of petients with x-rays 
showing that "hiatus hernia" or dilatation of the eso-
phagus at or just above the cardia is frequently found 
in patients having angina pectoris. He described see-
ing such a hernia which would balloon up suddenly just 
above the diaphragm when the patient breathed deeply. 
Furthermore,, he states that many of these hernias are 
developed suddenly during fits of vomiting or strain-
ing. (Cited from 31) 
Ritchie (56) adds that commonly associated with 
such hernias is a coneenitally abort esophagus; and that 
not only may they be a frequent cause of dysphagia,, re-
gurgitation and paroxysmal epigastric pain, which may 
simulate that of angina pectoris or coronary thrombosis, 
;.. 
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but by vagal influence induce either brady ardia or 
tachycardia. 
Closely related to this is the 
Verdon (69) some years earlier. He found 
tion of 
the 
stomach is distended with food or gas,. the lower por-
tion of the esophagus is drawn down and ex anding fun-
nel-wise is incorporated into the gastric all. As a 
result of this mergence, the intraesophage 1 pressure 
would be increased with a subsequent devel pment of 
referred pain in the intercostal and brach al nerves. 
) 
Edeiken (20) reported a case of angin pectoris 
in which there was evidence of coronary an aortic 
pain similar in final distribution, but oc 
somewhat different in initial location, wa produced by 
swallowing. In reviewing the literature, e found that 
in Verbrycke's series of twenty-three case of cardio-
ever, he quotes Starling and Camps as havi reported 
the occurrence of dyspnea, cough, palpitat on and .ang-
inal pain in cardiospasm. In the latter s 
esophagus was markedly dilated, and dilata ion of the 
cardia was followed by relief of cardiac a 
,----,-------- ----~~ 
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tory symptoms. Furthermore, Morrison end Swalm (46) 
noted that during pneumatic dilatation-of the esopha-
gus for cardiospasm, substernal pain with radiation 
simulating anc;inal pain would occasionally occur. 
Sudden Death 
When mentioning sudden death, cardiac failure in-
dependent of other conditions is practically always im-
plied at least. And it is interesting to note the pres-
ence in the literature of a few scattered reports of 
such an accident wherein attention is drawn to the 
gastrointestinal tract. In thirteen cases of cardio-
spasm being treated, Lendrum (37) reported four died 
suddenly, and these could not be explained satisfac-
torily by postmortem examination; Crittenden and Ivy 
(17) wrote of two cases reported to them. One was a 
postoperative case of carcinoma of tbe stomach, which 
was to be treated by lavage. The passaee of the sto-
mach tube resulted in sudden death, which covld not be 
explained. The other case had carcinoma of the cardia 
with an angina pectoris. During the passace of a sto-
mach tube in an attempt to secure some gastric contents, 
the patient stated he felt very ill, and as the tube 
was being withdrawn, he died. 
-16-
Ex~erimental Observations 
Some of the clinical evidence canc0rning the role 
of the gastrointestinal tract in heart disease has been 
I 
pointed out, and now our attention will be focused on 
the experimental approach of the same subject. 
Goltz (cite from 8) experiment of tapping the vis-
cera in the frog in 1863 producing a slowing of the 
heart rB.te, is p obably the :qeginning of experimental 
work on this sub'ect. That modification in cardiac 
rhythm occurs af er :V:isceral irritation is accepted 
and it is genera ly believed that such variations are 
instigated by the vagus nerve. 
In view of the close clinical association of flat-
ulence and heart disease, it is natural that much work 
(from a relative standpoint, however) in artificially 
·distending the portions of the gastrointestinal 
viscera has bee done. In Verdon's book, entitled 
Angina Pectoris, written in 1920 (69), he makes refer-
ence to the wor of Dr. Hertz, who found that when 
intra-gastric p essure is raised to twelve mm. of mer-
cury, sensatiorJ of pressure are felt s.s well as a 
desire to eruct On increasing the pressure to 
higher levels, hese sensa~ions merged into pain. It 
~-----------·· 
; 
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was also noticed that increased intra-gastric pressure 
initiated peristaltic contrections, and simultaneous to 
these the eastric sensations would be felt. This work 
was done on apparently healthy adults. 
Wayne and Graybiel (71) repeated these experiments 
on patients whose exercise tolerance was known to be re-
duced by a he2vy meal. Gastric inflation with air up 
to three liters in amount produced an unpleasant feeling 
of fulness in the epir;astrium, passing off quickly when 
the flow of air was temporarily stopped. X-ray examin-
ation always showed an increase in the 1.:.mount in the 
stomach, and in some cases even showed displacement of 
the stomach. Exertion at this stage show0d that exer-
else tolerance, blood pressure, and pulse rates were 
identical with those recorded in control tests before 
the inflation of the stomach. They repeated these ex-
periments on five normal young adults. In three, x-ray 
examination showed that the heart had been displaced. 
Discomfort, pain, and the desire to eructate gradually 
passed off after large amounts of air had been passed 
into the stomach and retained. 
More recently, Morrison and Swalm (46) investigated 
the behavior of the esophagus and stomach during typical 
attacks of angina pectoris. Their subjects were two 
! ' 
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typical cases of angina pectoris, one of hypertensive 
heart disease, and one case of arteriosclerotic heart 
disease. On distention of the esophaeus and stomach 
at various levels, typical anginal seizures occurred in 
the two anginal patients requiring a pressure between 
40 and 60 mm. of mercury. The other two patients ex-
• 
perienced a feeling of severe epigastric distress and 
substernal fulness. At no time did they ~ind distur-
bances in the esophageal or gastric behavior; and in all 
of the four cases with the exception of one anginal 
patient, electrocardiographic changes (particularly in 
the ST-segment) were noted. 
While the gastric dilatation was being done in one 
of their anginal patients, total cardiac standstill oc-
curred during the anginal paroxysm. Morrison and Swalm · 
thought that this was a sinus block, although this was 
not noted at the time. The patient was in acute pain 
and fainted, but normal cardiac rhythm was re-established 
as indicated by the kymographic record, at the moment 
of release of intragastric pressure. 
In one of Crittenden and Ivy's (17) students a 
prolonged ventricular standstill occurred while swallow-
ing the gastric tube. The student reported that he felt 
very ill and dizzy at the time. Verdon quotes Gary and 
I 
I 
I 
I 
I 
i 
I 
I 
I 
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Parsons as havine demonstrated that traction on the 
stomach and esophagus caused vagal inhibition on the 
heart, and when the stiTIRllus was strong to bring cardiac 
standstill permanently. 
Weiss and Davis (72) investigated the effect on 
the heart of distention of various portions of the e so-
phagus in a group of normal subjects. No cardiac ab-
normality or irregularity was found in any case. 
'i'he effect of esophageal or gastric distention in 
the lower animals is best illustrated, and studied by 
the subsequent chan~es in heart rate and rhythm, for 
pain and distress are much less easily detected. These 
same effects are also noted by other forms of stimula-
tion. 
In 1921, Carlson and Luckhardt (16) stated as a 
result:1of their experiments that stimulation of the gas-
trointestinal tract and genitourinary tract in the frog 
caused reflex cardiac inhibition. 'l'hey also found that 
this effect was lost in cruarized preparations. · More 
recently, Scott and Ivy (61) found that the mechanical 
and chemical stinmlation of most of the abdominal vis-
cera in the frog might excite the cardiac inhibitory 
mechanism. Prolonged distention of the stomach causes 
acceleration of the heart in the dog; and in one out of 
-20-
twelve dogs studieu by Burgess, Scott, and Ivy (15), 
it caused the occurrence of rhythmically recurring ec-
topic beats. In experiments on 82 anesthetized dogs, 
Owen (50) found that distention and deflation of the 
hollow organs failed to produce extrasystoles or other 
cardiac irregularities otber than chanr,es in the rate. 
He also found in one dog that injection of 50 c.c. of 
5 per cent hydrochloric acid into the duodenum was fol-
lowed by a series of extrasystoles. Owen also found 
that distention of the esophagus produced extrasystoles 
in two out of five rabbits and of the stomach in one 
out of four. It maybe significant that of the four 
dogs in which "spontaneous" extrasystoles were present, 
marked distention of the stomach increased the frequency 
of the extrasystoles in one, 
The results of experiments designed to increase the 
irritability of the cardiac mechanism to visceral ex-
citation indicate that such is the case. Crittenden 
and Ivy (17) demonstrated tris on icteric animals. This 
is described later. In one dog in which previous coro-
nary damage had been produced, Owen noticed an extra.sys-
tole on distention of both the colon and the urinary 
bladder. 
The study of Crittenden and Ivy seem to indicate 
! 
f. 
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that nausea, retching, and vomiting, induced by injec-
tions of apomorphine, may cause in normal unanesthe-
' 
tized dogs cardiac irregularlties such as heart-blocks, 
cardiac arrests, ventricular and auricular extrasystoles. 
These occurred most often duri~g retching. Regarding 
the heart rate, nausea usually caused a tachycardia and 
retching ab radycardia. They also found that 10 per 
cent of the students observed showed electrocardiogra-
phic changes such as extrasystoles, arrests, and A-V 
blocks while.nauseated or retching during the swallow-
ing of' a stomach tube. In one student there waB no 
change in rate, while in the others there was an in-
crease which was dependent upon the ease with which the 
tube was swallowed. 
Gastric distention in patients whose exercise tol-
erance was known to be reduced following a heavy meal 
raised the pulse rate only temporarily with a subsequent 
drop back to normal (71). In this same study, dilata-
tion of the stomachs of five healthy young adults·· 
caused a drop in the pulse in three of them of from 
eight to twenty beats a minute. No change occurred 
in the other two cases until epigastric pain appeared, 
and then there was an increased rate. 
Maher a~d his associates (43) made an electrocar-
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diographic study of viscerocardiac reflexes during major 
operat~~ons, and found some interesting but inconstant 
changes. In one case a decrease in the Pr-interval was 
noted when dilatation of the rectum was done. A de-
crease in voltage occurred once when there was strain-
ing, in one case when the pylorus was crushed, and once 
each when a rectum and an appendix was being ligated. 
In a slightly jaundiced patient, the amplitude of the 
R-wave was decreased 2 mm. during the operation, but was 
increased 2 to 4 mm. postoperatively. ~ilatation of 
the rectum caused a d;tphasic complex in another pa;t; .. 
tient.. Once the T-wave disappeared on manipulation of 
the duodenum, and again on placing an appendiceal 
ligature. 
In this same study, traction on the appendix and 
its mesentery caused a drop of 75 beats perminute. 
Extrasystoles appeared once when clamping of a hemorr-
hoid was done. Sex and age seemed to have no effect on 
the findings; even their two patients with definite 
cardiac pathology sl.owed no particular changes from 
the others. Crittenden and Ivy (17) found in all their 
experimental procedures ref erred to previously changes 
in the P-wave, QRS-complex, and.the T-wa~e, but, also, 
none of the changes were characteristic. 
\. .... / 
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The work of the Jacksons (31) of stimulating the 
e.s.opha2:us and stomach of dogs with electrodes gave a 
variety of interesting results. Changes such as varia-
tions in the respiratory rate, slowing of the heart, 
and the sudden development of auricular fibrillation 
could be readily produced. In the anesthetized animal 
stimulation within the lumen of the esophagus at most 
points above the level of the apex of the heart produced 
vigorous muscular movements in some area of the chest, 
fore limbs, neck, abdomen, and other parts of the body. 
Weaker stimulation in non-anesthetized dogs gave "un-
mistakable symptoms of pain" in addition to movement of 
the same muscles. They found that the innervation of 
the esophagus appeared to be unilateral for when the 
. 
stimulating points were turned to the right, the move-
ments and evidence of pain were on that side, and vice 
versa for stimulation on the left half of the esophagus. 
If stimulation was toward the front or the back of the 
esophageal lumen, then the movements would be found on 
both sides. '.L'he similarity of their findings to angina 
pectoris is rather striking. 
There ~et remains one branch of experimental work 
which is particularly significant in our subject, and 
that consists of the effect of viscerocardiac reflexes 
_;J_ .-: 
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on the coronary flow. Although there exists some dis-
cussion 8.s to whether the vagi or the sym.pa thetics car-
ry vasodilator impulses to the coronary arteries and 
vice versa, the main conclusion: of the following ex-
perimental observations is not seriously altered, for 
both systems are innervated by the same nerves and the 
effect is what we are particularly interested in. 
Greene (27) finds that stimulation of the celiac gang-
lion produces reflex dilatation of the coronary vessels, 
the maximal dilatati.on amomited to an increase of 180 
per cent over the initial normal. If the stimulation 
was mild it was less apt to be followed by a secondary 
vasoconstriction than if there were increased stimula-
tion. 
He stimulated a number of abdominal branches of 
the VaQlS nerve terminating in different regions of the 
gastric wall and hepatic structure, and concluded that 
the coronary reflex control through afferent vagal 
pathways has been slight, considered in terms of vol-
ume change. Nevertheless, the reaction to afferent 
vagal stimulation is more often a positive coronary 
dilatation. 
Hinrichsen and Ivy (29) observed essentially the 
same thing in their experiments, with the exception 
I . 
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tbat tbe amount of increased flow was less marked, and 
that they did not obtain any diphasic react:i_on charac-
terizei by coronary dilatation followed by constriction. 
Both contributors found results far in the minority, 
bowever, which yielded coronary vasoconstriction on vis-
ceral stimulation. 
The results of Gilbert, LeRoy, and Fenn (26) on 
thirteen dogs gave a decreased flow in the left circum-
flex coronary artery in eleven cases and an increase 
twice, even though the blood pressure raised more often 
than not. After atropinization or vagotomy, their find-
inr;s were practically reversed. 
Physiologic Considerations 
It is evident from the foregoing clinical and ex-
perimental observations that one or more reflex nerve 
arcs exist between the eastrointestinal tract and the 
heart. Al though evidences of suchrefl exes are not con-
sistently found at all times under varyiµg conditions, 
the fact remains that in a certain percentage of cases 
definite changes are produced directly related, in time 
at least, with e. definite stinmlus. It is in order, 
then, to investigat.e the nervous connections existing 
between the two systems. 
~·· 
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It is well known that the f'eart and the gastro-
intestinal system are innervated by the autonomic sys-
tern, the former through the vagus, of the parasympa-
thetic di vision and the cardiac nerves co'1inc from the 
sympathetic di vision. 'iihe upper portion of the gastro-
intestinal tract is innervated by the vagus of the para-
sympathetic division, and by direct branches of the sym-
pathetics from the spinal ganglia to the esopha5us and 
by the splanchnics to the stomach. In addition to the 
well known cervical cardiac nerves, there are the thor-
acic and cardiac nerves, belonging to the sympathetic 
system, discovered recentl~r by Brauecker and by Ionesco 
and 'Enachesco (taken from 74). 
All the cervical and thoracic cardiac nerves have 
been shown to carry fibers of the somatic afferent type 
except the superior cardiac nerve, which Ranson and 
Billingsley calil: is a purely motor pathway (74). Thus 
it is seen that the sensory nerves from the heart con-
verge on the upper four or five thoracic sympathetic 
ganglia. White (74) states further that: 
"Peripheral to these ganglia the cardiac rami 
are exceedingly complex and anatomical variations 
most frequent, but here the cardiac pathways are 
condensed and relatively constant in position. 
This arrangement is of prime importance for the 
surgeon." 
• 
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Morrison and Swalm (46) state: 
"Although the vagus nerve has no l~nown sensory 
afferent fibers. from the esophagus and stomach 
and the sensation of pain from tl'.ese ore;ans cannot 
be propagated directly by the v~gus, still it is 
well knovm that unconscious stimuli resulting in 
vasomotor (constrictor) and reflex inhibitory 
changes in the. heart are transmitted by the vagus. 
Ranson, and Rc:mson and Billingsley, and Stohr 
have shown by histologic studies and Heinbecker 
has shown by studies in electrical conduction 
that both the vagal and the sympathetic cardiac 
rami are mixed sensory-motor nerves and have 
termed these afferent constituents the 'viscero-
sensory' fibers. This is extnemely sienificant 
in view of tbe anatomic fact that the ganglion 
nodosum of the vagus and the upper sympathetic 
thoracic ganglions originate axons which pass 
directly and uninterruptedly to sensory endings 
in the heart and coronary arteries." 
As was briefly mentioned above, the stomach is in-
nervated not only by the terminal branche.s of the vagi, 
but also by branches from the celiac plexus of the sym-
pathetic trunk and that the greater splanchnic nerve 
terminates in the celiac ganglion. This has branches 
which can be traced upward in the sympathetic trunk as 
high as the first or second sympathetic thoracic gang-
lions (46), which are amone the direct transmitters 
of sensory pathways for pain in the .heart-- as was pointed 
out above. Likewise, besides the esophageal branches 
of the vagus, the sympathetic nerves form plexuses of 
nerves and ganglia between the muscle layers of the 
esophagus. 
I 
i 
1. 
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It is through these intimate nerve relationships 
that the ease by which nerve impulses, vasomotor stimuli 
and reflexes are effected between the esophagus, the 
stomach and the heart. But thus far, only the possible 
courses of the gastrointestinal effects on the heart 
have been accounted for. At the present time it appears 
that only theories have been advanced to explain the 
oriein of gastr~intestinal pain arising from only the 
heart with the one exception to be mentioned next. 
It has l..ng been known that distm ti on alone of the 
gastrointestinal tract is the only mechanism capable of 
producing definite localized sensations in the stomach 
and intestines. This adequately explains the apdominal 
distress produced in flatulence arising from cardiac 
disturbances as well as from other sources. 
Wright (81) mentions several of thee xi sting 
theories concerning abdominal pain. The first one is 
that of reflex origin, 
"the pain taking an unusual course due to the 
sympathetic supply being unusually low or be-
cause an unusual part of the heart is involved". 
He investigated the latter by noting the sites of les-
ions in all coronary cases which went to postmortem and 
found that the abdominal pain is not associated with 
any special site of lesion. Again the pain may be due 
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to reflex spasm of abdominal arteries. Wrir,ht mentions 
that those wlo favor this explanation point out that 
during an attack of angina pectoris, when the pain is 
felt in the left arm, this arm is sometimes pale and 
cold due to vasculs.r spasm. 
Another theory that has been mentioned is distention 
of the s tornach as a result of air-swallowing or by re-
flex atony of the stomach and bowel. Some writers, 
especially Jackson and Jackson (31) and Verdon (69), 
believe that abdominal pain is due to acute, spasmo-
die and incoordinated contractions of thee sophagus and 
stomach. 
Congestion and dilatation of the liver with a drag 
on its supporting ligaments is frequently mentioned as 
cau·sing abdominal pain in heart failure. Levine ( 40) 
and Boyd (11) as well as others consider the pain as 
arising from tension on the liver capsule due to the 
hepatic enlargement •. Realizing that an engorged liver 
may contain as much as 1500 c.c. of blood, or about one-
fourth of even the increased circulating blood volume 
of such patients (22}, it is easily understood just how 
the liver may become so enlarged, and thus greatly 
stretching its capsule. 
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Wright adds: 
11 So much for the possible causes of pain--
which is the correct one I do not know. It is 
unlikely that all abdominal symptoms are due to 
a single cause. It is sometimes difficult to 
understand why some patients do not have abdominal 
symptoms. A few days ago I attended an autopsy on 
a man who died of coronary thrombosis--there was 
considerable hepatic congestion; ten gall stones 
were found in the gall bladder; his kidneys had 
numerous infarcts. Yet this man had no abdominal 
symptoms." 
Brooks (13) tells of a case of just the opposite 
character. His patient had had for years a tender and 
rigid area in the region of the appendix and caecum, 
but had never suffered apparently as a result of this 
lesion, and she had been refused surgery because of her 
known severe grade of aortic and coronary disease. 
When angered or excited her frequent attacks of angina 
pectoris were almost always introduced by agonizing 
pain in the region of the appendix, usually promptly 
relieved by nitroglycerine. In spite of numerous offers 
from ambitious surgeons she lived to finally die from 
an acute coronary thrombosis, cl).aracterized as in the 
attacks of angina by preponderating cramp-like pain in 
the region of the appendix. 
Discussion 
Thus far 'clinical and experimental observations 
concerning the part the gastrointestinal tract plays 
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in heart disease have been presented. Now an evaluation 
by the various writers on the subject will be undertaken. 
A sir,nificant feature indicated by the studies and 
observations on e;astric distention ands timulation by 
other means demonstrates that gas formation in the sto-
mach or esophagus can produce cardiac derangement, be-
ing severe in some cases. 1'hus Morrison and Swalm (46) 
were able to induce typical attacks of angina pectoris 
in anginal patients and epigastric distress in patients 
with arteriosclerotic and hypertensive heart disease by 
bastric distention. Verdon (69) interrupted attacks of 
angina by gastric intubation with the escape of large 
amounts of gas; Iglauer and Schwartz (30) reported their 
case of cardiospasm who had anginal attacks on swallow-
ing; and the work of the Jacksons (31) produced experi-
mentally aLtacks similar to angina pectoris in dogs. 
These findings raise the question as to the possibility 
of the gastrointestinal tract as being an etiological 
factor if not the sole one in angina pectoris and other 
cardiac conditions involving pain and even changes in 
cardiac rhythm and rate. 
Verdon believed that epigastric distress, nausea, 
the desire to eructate gas, and globus were initiatory 
symptoms of a "rising tonus in the gastro-esophageal 
f 
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muscle" due to the accumulation of c;as. Then when the 
tonus had reached a certain intensity, these symptoms 
merr,ed into pain, which had alwa s been ascribed to the 
heart. He contends that those e rlier symptoms, which 
denote gastrointestinal disturba ce, are banished from 
consciousness and cease to be re ognized as partakers in 
the syndrome. Then, "after disa pearance of differen-
tial signs, the viscus at fault emains masked". 
The Jacksons expressed a si ilar opinion in: 
"And yet if one can get 
exact location of the very 
a patient feels in an attac 
nary thrombosis, and if the 
that such an instrument as 
backward through the initia 
posterior wall of the body, 
be found that the instrumen 
the esophagus or the upper 
But secondary radiating pai 
may often be so severe that 
is lost sight of entirely." 
true history of the 
irst sensation which 
of angina or coro-
phys ic ian can imagine 
n ice pick were passed 
point of pain to the 
it will very generally 
would pass through 
art of the stomach. 
in the other regions 
its point of origin 
It is also Verdon 1s opinion that anginous patients 
have hyperirritable stomachs whi h are intolerant of 
gas, and eructations are frequen particularly when the 
tonus of the gastric musculature is raised by exertion, 
emotion, or eating. He observed such an irritability 
in anginous patients fluoroscopi ally. According to 
his hypothesis, the gastric irri. ability is due to ir-
ritable centers in the spinal co d or medulla, which 
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become. exicted by increased intragastric pressure. The 
gas becomes entrapped in the stomach for he refers to 
Starling who had shown that both esophageal and pyloric 
orifices are closed when the vagi are subjected to ir-
ritation. It is on this basis that Verdon explained 
the origin of anginal attacks. 
One point worthy of mention here is the artd:cle by 
Bastedo (6) wl:o reviewed the action of atropine and 
summarized the more recent concensus of opinions regard-
ing the action of the vagi. He states that the stimu-
lation of either the splanchnics or the vagi may result 
in increased tone when the stomach, pylorus, or cardia 
is hypertonic and in decreased tone when the stomach is 
hypertonic. 
Nevertheless, Verdon's clinical results are consis-
tent with his hypothesis. Furthermore, perhaps practi-
cally every article on angina pectoris from Heberden on 
down has not failed to note that the relief of pain in 
this type of case is often associated with the eructa-
tion of gas. 
Jackson and Jackson (31) concluded from their work 
on esophageal and gastric stimulation in dogs that an-
gina pectoris was due to acute, spasmodic, incoordinated 
contractions of the esophagus and stomach. By this re-
I-.,-, 
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action air or other stomach contents are entrapped either 
in the esophaeus or in one portion of the stomach and 
the traumatic effect on the wall of the viscus is re-
sponsible for the pain produced. The trauma may vary 
from complete rupture (and they found over forty cases 
of esophaeeal rupture with clinical sir,ns similar to 
aneina pector!s or coronary thrombosis in the literature) 
to mere strain on the muscular wall of either the eso-
phar;us or the stomach. 'l'hey believe the presence of 
blood, which is frequently found, in the vomitus is fur-
ther evidence of such trauma; also that the act of vom-
iting, itself, may be responsible for even greater dam-
age. Furthermore, they feel that an insufficient a.mount 
of emphasis has been placed on sucl1 findings in the field 
of cardiology. It was their opinion that the coronary 
arteries' had nothing whatever to do with angina, but 
stated that angina may often secondarily involve the 
heart. 
As evidenced by the negative kymograms of patients 
during and after anginal attncks, Morrison and Swalm (46) 
found that the esophagus and stomach were inactive dur-
ing the paroxysms of angina pectoris. Thus their find-
ings refute the assertions of Verdon and the Jacksons in 
so far as gastrointestinal contractions are concerned. 
I 
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-35-
This study was the only one found in the literature re-
portine; on actual experimental evidence concernine the 
relationship and interdependence of the dlcestive tract 
and cardiovascular disease in the human subject. 
Other clinical and experimental work on eastric 
and esophaceal distention by Weiss and Davis (72), 
Wayne and Graybiel (71), Best (9), the work of Rhoem-
held cited by Niehaus (47), Crittenden and Ivy (1'7), 
Dally (18), Maher and his associates (43), and others 
seem to indicate at least that gastrointewtinal dis-
turbances can initiate chances in heart rate and rhythm 
sufficiently often to admit the presence of such an 
exciting force. The necative results of Wayne and Gray-
biel on distention of the stomachs of patients whose 
exercise tolerance was known to be limited after a heavy 
meal can not necessarily be applied clinically, for in 
the latter certain other factors are present. They 
produced distention by inflating the stomach with air, 
while, as Niehaus points out, the anginous patient of 
this type has a stomach distended with food. 
Perhaps the greater amount of blood in the mesen-
teric vessels needed for disestive purposes in the lat-
ter as compared to the former experimental case accounts 
for the difference in subjective response. It follows 
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that with an increased amount of blood in the visceral 
vessels following meals that there.should be some drop 
in blood pressure, and Best and Taylor (8) state that 
there may be a small drop in the diastolic pressure (al-
though there usually is a small rise in systolic pressure 
also). Furthermore, since Anrep and Segall (2) have 
shown that co~onary flow practically parallels and is 
dependent larr,ely on the arterial pressure, it may be 
that in anginous patients, whose coronary vessels us-
ually are already sclerotic, there is sufficient change 
in coronary flow to precipitate an anginal attack. 
The writer is well aware that this deduction may 
be somewhat overestimated since it is being based on 
relatively narrow physiological variations. Yet phy~ 
siological variables such as these used are based on 
results found in presumably healthy individuals, but 
the cases under question are pathological. 
Moreover, if we will accept temporarily at least 
the commonly accepted theory of coronary spasm or myo-
cardial ischemia as being the origin of cardiac pain, 
the difference in response to the two conditions under 
analysis may be explained in the manner in which Sutton 
and Leuth (65), Greene {2'70~·, and Hinrichsen and Ivy (29) 
express the relation of visceral distention and e :xci ta-
i . 
! 
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tion to anr;ina pectoris in man. 'l'hey believe that the 
failure of reflex coronary dilatation under conditions 
wt~ich augment cardiac activity accounts for the associ-
ation of angina with Yisceral excitation. They all in-
dependently found tLat as a rule visceral excitation 
produced coronary vasodilatat'ion, but in a few instances 
either no chance occurred in. the minute volume of the 
coronary vessels or there was a vasoconstriction. 
Greene observed a diphasic effect, as mentioned earlier, 
of first a coronary vasodilatation followed by a vaso-
constriction if the stimulus was ereat enough. Applied 
clinically, this same mechanism may account for·anginal 
attacks on exertion after meals. 
In lieu of the work and theories advanced parti-
cularly by Verdon and the Jacksons, a consideration of 
cardiac pain is quite in order. Is that which we com-
monly call cardiac pain possibly of extracardiac origin, 
or is it that certain clinical syndromes so closely 
simulate heart disease that a differentiation between 
the two has not heretofore been adequately made? Per-
haps if this could be answered, such divergent opinions 
could be vindicated. 
Since Parry (51) pointed out the baneful effects 
of cardia~ ischemia ir: 1799 in the production of cardiac 
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pain, tbis tLeory has remaine:.1 the most popular. At 
that ti0e he wrote: 
"The rigidity of the coronary arteries may act 
proportionately to the extent of the ossification, 
as a mechanical impediment to the free motion of 
the heart; and though a ~uantity of blood may cir-
culate throuc;h these arteries, sufficient to nour-
ish the heart, as appears, in some instances, from 
the size and firmness of that organ, yet the:r·e may 
probably be less than what is requisite for ready 
and vigorous action. Hence a heart so diseased 
may be fit for the purposes of common circulation, 
durine a state of bodily and mental tranquility, 
and of health otherwise good, but when any unus-
ual exertion is required, its powers may fail, . 
that paroxysms of the Syncope Aneinosa are readily 
excite( by those passions, the tendenc~ of which 
is to stimulate the heart to excessive contrac-
tion." 
That explanation is largely held by many up to the 
present time. Sir Thomas Lewis (42) has developed a 
theory regarding muscul2r ischemia and its relation to 
anginal pain, which has been found fairly adequate. He 
believes that when muscles deprived of their blood 
supply are exercise~l, the pain that develops is due to 
some chemical or physico-chemical substance arising 
directly or indirectly out of the contraction process; 
that this substance, which he calls the 'P' factor, 
has its seat in the tissue spaces, but is dependent up-
on a process occurring within the muscle fibers as a re-
sult of its contraction; and that during muscular exer-
cise with the circulation free the change within the 
. ,, 
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muscle fibers that ultimately underlies pain occure, 
but pain does not develop, since the 'P' factor can 
not accumulate in the tissue spaces while these are 
under the influence of a free stream of blood. 
Although this hypothesis of Lewis will explain 
the mechanism of pain in cardiac disease, it does not 
necessarily conflict with those theories advanced by 
Verdon and the Jacksons. And this is avoided, since, 
although the pain-precipitating forces are widely 
separated in these two main theories of pain, both have 
a common innervation, which can refer pain to the same 
areas. In other words, the vagus nerve having afferent 
sensory fibers from both systems is capable, therefore, 
to refer sensations of pain to the same areas in either 
case. And by the same token, 13astrointestinal distur-
bances are able to effect reflexly chances in the heart 
sufficient to register pain. Similarly it may operate 
in the reverse manner. 
Certain other findings tend to indirectly at least 
make one feel that all the factors involve: in cardiac 
pain and disease are not known. Davis(l9) found in one 
series of coronary thrombosis cases that pain was ab-
sent in sixteen out of thirty-six cases, and in twenty-
one out of fifty-three in another series. It is ob-
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vious that varying degrees of myocardial ischemia de-
velop in all cases of coronary tLrornbosis, yet not al-
ways does pain occur. :B\1rthermore, as Katz ( 33) points 
out, it is known that epinephrine increirnes the coronary 
flow and dilates the coronary vessels, and yet despite 
such an action, aneina pectoris may result. In addition 
most reports in the literature of electrocardiograms 
taken during anginal attacks present evidence of sig-
nificant chances in the tracines, particularly in the 
ventricular deflections. These changes are taken as 
support of the theory of the coronary spasm or the func-
tional myocardial ischemia mechanism as the cause of 
angina pectoris. However, articles by Wood and Wolferth 
(80), and one by Faleiro, mentioned by Morrison and 
Swalm (46), report no changes in the electrocardiograms 
durin~ aneinal attacks in some of their cases. Conclud-
ine; from this, Wood and Wolferth contended that coronary 
spasm or functional r:Lyocardial ischemia may not be the 
only factor in the pathogenesis of anginal seizures. 
All of these observations tend to throw doubt on 
the theory of coronary spasm as the cause of anginal 
pain. 
Some attempts have been ~ade to account for some 
of these less frequent observations, which are not com-
I 
pletely explained. by the hypothesis of Lewis. Herrick 
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(28) explains the rbsedce of prin or precordial distress 
/ in some cases by: 
ttit has been suerested that normally certain 
areas of the heart are not only less vital than 
others, indifferent or silent they have been 
cm.lled, but also less sensitive. At autopsy 
fresh infarct~ are sometimes found associated 
with multiple areas of fibrosis that speak for 
previous obstruction of small branches, wet no 
pain has been noted, no pain even announcing the 
recent infarctions. There has evidently been a 
very gradual and progressive narrowing of the 
artery by sclerotic processes. The area irrigated 
by the artery has become relatively inactive, 
relatively anesthetized by destruction of the ves-
sels, nerves, and functj_onine; muscles, so that a 
painful response to the new obstruction is lack-
ing. The final complete obstruction comes without 
a sudden shock, the element of surprize is lacking 
as the heart is in a sense prepared for the sup-
reme insult. Abrupt heart failure with its dyspnea 
and other phenomena may be present, but pain may 
be lacking." 
Sutton (64) believes that it may be due to the 
formation of an area of absolute ischemia, an an~mic 
infarct, whereas the syndrome characterized by "severe, 
enduring, substernal or epigastric pain, unprovoked by 
effort" is due to the formation of an area of relative 
ischemia. 
Regarding the, negative electrocardiograms during 
anginal attacks, Wood and Wolferth (80) found that 
occasionally in experimental occlusion of a large coro-
nary artery, with the consequent production of definite 
' 
changes in the Eppearance and action of the heart, caused 
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no change in the electrocardiogi-am. This, they contend, 
I 
shows that the absence of elect!l'ocardioe::raphic changes 
I 
durj_rg an attack of anr;ina pectqris cannot be used as 
evidence that temporary myocardial ischemia did not 
I 
occur. 
The therapeutic response of angina pectoris to the 
nitrites from the standpoint of lits pharmacological ac-
1 
tion mir,ht even favor the extrac1ardiogenic causes of 
heart pain over that arising fro~ within the heart. 
I 
Sollmann (62) states that the nijtri tes relax . th_e gall 
bladder wall, relax• : spasmodic bontractures in the 
I 
gastrointestinal tract, and dilarto: the splanchnic vea-
l 
sels as well as the coronary vesrels. From the splanch-
nic dilatation there occurs the ~udden drop in blood 
I 
pressure, which is well known cltnically to occur. 
Therefore, since coronary circulation is most de-
1 
pendent upon the maintenance of ~dequate arterial blood 
pressure, how can the circulat~_o:h to a presumably rel-
1 
atively ischemic area of the myo¢ardium bee xpected to 
I 
improve sufficiently to supply a~ adequate amount of 
blood thereby aleviating the paim? Yet the immediate 
I 
relief from anginal pain with th~ nitrites is striking. 
The action of the nitrites 6n the r,a;:itrointestinal 
! 
tract and the rall blaa.cier lends 1 support to the the-
1 
ories advanced by Verdon and the Jacksons. As the 
I 
·I 
it;t~~ ; 
-------------·--------·------·----------------------·------·-------~-----------~-·-------------------·---·---·---
-43-
Jacksons (31) bring out, the relaxing action of the 
nitrites on the smooth muscle of the gastrointestinal 
tract inhibits the spasmodic contractions present there 
and allows the escape of the otherwise imprisoned gas 
or other contents of the esophagus or stomach and there-
by interrupting the pain. Willius (78) and Walters and 
his associates (70} are obtaining rather gratifying 
results by the use of the nitrites on relieving pain of 
cholecystic disease. 
F'inally as to which one of these two widely di-
verging theories concernine the origin of cardiac pain 
is true, it can not be said as yet. Probably both play 
a part, one preuoi;iinating in some cases and the other 
in other cases. Even more probable is the presence of 
two separate pathologice.l processes which can not be 
easily distinguished clinically. It is difficult to 
discount arguments in favor of the gastrointestinal 
tract as thee xciting force in the production of what 
I 
is commonly thought t4 be heart pain. White's (76) 
arguments acainst the !alimentary origin of cardiac pain 
are disappointingly iJadequate and fail to refute the 
_contentions of Verdonjand the Jacksons. 
There is one oth r aspect in which some evidence 
tends to point toward the digestive tract as a preci-
\_.: 
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pi tatinr; factor in what is r!ore commonly accepted as 
heart disease. Reference is being made to the cause 
of sudden death. In 1916, Allbutt (1) advanced his 
theory of vagal inhibition, by which he believed that 
I . 
with sufficient vapal stimulation cardiac standstill 
and death cov.ld bel producec'.. However, as Levy $.nd 
Bruenn (41) expres~ed it, this theory has not found 
much support. Nevbrtheless, there arc suf:iiciently 
frequent cases repbrted in the literature of sudden 
I 
death from apparenf ly the direct result of gastro~ 
intestinal manipulf tinns, other cases of sudden death 
unaccounted for, af well as reports of temporary car-
diac standstill, t~ justify consideration of Allbutt's 
theory in this con~ection. Such cases as sudden death 
in treatment for c~rdiospasm, passar,e of gall stones, 
heart block in car~iospasrn and swallowing and in passage 
I 
of eastric tubes hjve already been cited. Therefore, 
the possibility or
1
the gastrointestinal tract in the 
production of some1cases of sudden death is strongly 
suggested. · 
Fishberg (22) lpoints out that it has long been 
known that in oreaJic cardiac disease the heart is es-
1 
pecially susceptible to vagal inhibition. Hes tates 
that the susceptib~lity of the bundle of His to vagal 
! 
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inhibition is especially great when its condictivity is 
already depressed by disease, by digitalis, or by ex-
perimental injury; and under such circumstances, va0al 
stimulation may convert partial into complete auriculo-
ventricular block, which can ar,ain be removed by the 
administration of atropine. Bearing this in mind, it 
is very probable that some of Levy and Bruenn's (41) 
cases of sudden death which he labeled "acute fatal 
coronary insufficiency" died via vagal inhibition. It 
is apparent that in cases of cardiospasm, vomiting, 
flatulence, and spasmodic contractions of the esophagus 
that strong vagal stimulation does occur. Certainly 
the clinical and experimental observations mentioned 
offer some support to Allbutt 1 s hypothesis. 
Conclusions 
The intimate nervous relationships between the 
heart and the gastrointestinal tract account for the 
Qccurrence of some of the changes in cardiac rates and 
rhythms found in disturbances of the digestive tract. 
Due to this very close autonomic nervous connection, 
the actions and disturbances of one system so closely 
affect the other and vice versa, that disease of one 
will upset the autonomic balance between the two, 
thereb~.' reflexly implicating the other secondarily. 
\. .... ../ 
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From the evidence presented, it appears that angina 
pectoris may not be so much a disease, but rather a 
symptom-complex of varied etiology. 
Clinical and experimental findings are seen often 
enough to conclude that disturbances in the digestive 
system may reflexly affect the heart producing sudden 
death throuch ~agal inhibition. 
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THE ROLE OF THE GALL BLADDER 
--- ~~ -- --- ----
There has long been a f;eneral impression among 
surgeons and internists that there is more than a. 
casual association betwen diseases of the gall bladder 
and diseases of the heart or disturbances of its mech-
anisms. It has been thought that gall bladder opera-
tions are complicated more often by postoperative deaths 
and cardiac accidents than are other operative proced-
ures of similar gravity. 
Clinical Reports 
As early as 1875, Gangolphe (25) reported nine 
cases of gall bladder disease with cardiac lesions 
believine that there was a definite relationship be-
tween the two conditions. He thought the principle 
effect upon the heart was on the papill~ry muscle~. 
However, Revillout (54) states that Guneau de Mussy was 
the first to mention the development of cardiac mur-
murs in cases of jaundice; and this vras effected by 
the paralyzing influence of bile salts upon the vaso-
motor and general circulatory system. 
Fabre ( 21)~ in 1877, described eight cases of 
jaundice, the heart being affected in five. He attri-
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buted it to a myocarditis due to the accumulation of 
bile salts in the blood. 
A year later, Tessier (67) went so far as to clas-
sify the cardiac disturbances due to eastrohepatic dis-
e~ses, as: (1) intensification of the second sound, (2) 
doubling of the second sound, (3) a tricuspid murmur, 
and (4) complete tricuspid incompetence with venous 
pulse. 
Bendu (53), in 1883, reported a case of hepatic 
colic and icterus in which there was marked arrhythmia; 
and another of catarrhal jaundice with gallop rhythm 
but no arrhythmia. A little later, Leva (39) described 
two cases of ulcerative endocarditis resulting from dis-
ease of the gall bladder. 
In 1893, Oddo (48) reported a case of a man having 
gall stone colic for years, who suddenly developed a 
typical attack of billary colic and jaundice. Two days 
laterthere was a feeble arrhythmic pulse with signs of 
pericarditis from which he died a few days later. 
Any relationship between gall bladder disease and 
heart disease was not much championed by American men 
until Riseman (55) and Babcock (3,4) began tocontribute 
to the literature tn 1907 and 1909 respectively. 
(;-';, 
~~t~·,··-<,£,,\~ ,. 
-49-
Riseman wrote ar;out the development of mitral sys-
to lie murmurs during attacks of bili~try co lie / and 
which disappeared after the subsidence of the pain. 
This he considered due to pain causing dilatation and 
temporary insufficiency of the mitral valve. He inter-
pretecl tr.i.is as meanine that a weakened heart muscle was 
present, and he stated that rall bladder patients who 
had heart murmur·s must be anesthetized and operated with 
especial care. 
Babcock (~) pointed out that chronic cholecystitis 
often produced from an arrhythmia and precordial op-
pression and dyspnea to demonstrable dilatat~on and 
incompetence dating from some attack of biliary colic 
or acute cholecystitis and thenceforth maintained by 
recurrences of the acute disturbance. Such patients 
often sought aid referable to their heart. 
He di video thirteen cases with definite gall blad-
der pathology into four classes depending upon the type 
of cardiac involvement present, as: (1) cases of pro-
nounced cardiac incompetence showing considerable dila-
ta ti on with arrhythr: ia and feeble henrt action with 
murmurs, (2) cases in which there have been attacks of 
pain that have been called angina pectoris, and which 
,-,"" 
' ,;,:,'$. ' ,·'.1!'·~·· ~~~~id 
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attacks were f?llowed by evidences of myocardial in-
ade~uacy, (3) cases of intermittence of pulse of long 
and intractable standin0 1 but without dyspnea or other 
marked subjective sy1nptoms of myocardial inadequacy 1 
and (4) cases of valvular disease in w~ich cardiac com-
petence was destroye~ either by outspoken attacks of 
hepatic colic or distressing symptoms thought referable 
to the-stomach at first. 
His operative results on these cases were rather 
encouraging from the standpoint of cardiac impnovement, 
although most of them died before any very conclusive 
evidence could be obtained. Ee suceests that a previous 
state of the myocardium may have some effect in deter-
minine what cases of chronic cholecystitis will develop 
cardiac symptoms. He was well aware of the fact that 
disease of the heart and of the gall bladder may co-
exist, and also that frequently tte symptoms of one are 
so clmsely interchangeable with the other that accurate 
dia0nosis is often very uifficult. This is particularly 
true in cases of cholecystitis with or without the 
formatio·; of c:alculi sufficient to excite distinct 
colic. 
Osler (49) was aware that palpitation and distress 
about the heart may be present and that occasionally a 
•"•·',t,.'a,i .-•. r~.'"":' _...,......, ...... ,......,-~,,~ .•. _,,_ __ .., . .i.._ z.it.".f'>"'"''S'"'~,,fvQ;r ~ "'' :__. _ _,____.,_.:_.,_,L._ • .:.....2·•.~___;.,,___{___o«~~~·. ~.r~· Jone tr '& 6~· 
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mitral murmur developed during the paroxysm in gall 
bladder disease, but he added that the cardiac condi-
tions described b~ some writers as coming on acutely in 
biliary colic are! possibly pre-existent in these patients. 
i In a study b~sed on 109 consecutive cases of chole-
cystitis by Schwartz and Herman (60), it was found that 
heart disease was the most conmmn associated condition 
! 
and was pr~sent i~ 63 per cent of all the patients. 
I 
This exceeded theimore commonly accented associated I 4 
i 
condition of obes~ty in call bladder disease by 
. i 
slightly over 111 per cent. ~~rthermore, as may be ex-
pected, the percehtar,e of associated cardiac involve-
, 
I 
ment began in thel third decade of life (46.6 per cent) 
I 
and rose rather srapply in the fifth decade (58.6 per 
i 
cent) to find def~nite evidence in all patients above 
sixty y~ars of ac;le. The most comrnon type of heart 
pathology was wha~ they called "chronic myocardial 
! 
disease". This t~ey defined as: 
lius 
ease 
I 
"a typeofi myocardial insufficiency for which 
no definite rtiologic factors are evident, and is 
probably cau 1~ed by the combinecl action of the infecte6 galr bladder plus obesity". 
I Less strikin~; were the results reported by Wil-
and Fitzpatr~ck on 596 patients with chronic dis-
of the gall ~ladder. 229 or 38.4 per cent showed 
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heart involvement, and the hypertensive heart was the 
most common type of diseased heart with 113 cases or 
49.3 per cent. Five cases of angina were noted, or 
0.84 per cent of the entire series. 
Schwartz and Herman also found that there was no 
apparent difference in the effect upon the heart in 
either the mild or the severe types of cholecystitis. 
Also, fheir studies showec:_ that when the male is subject 
to cholecystitis, it is more apt to occur at a later 
period in life and to be more severe and associated with 
a marked degree of myocardial involvement. 
Leech (36) studied one hundred and sixteen opera-
tive patients with gall bladder disease with particular 
reference to the prFsence or absence of associated les-
ions of the heart. The mortality in this series was no 
higher than the general operative mortality in the same 
hospital. ~ifty per cent of the deaths occurred in 
patients who had lesions of the heart, as shown by the 
presence of both murmurs and enl2rgement, yet only 
about 25 per cent of the total cases presented heart 
lesions. The patients with heart lesions who died 
showed abnormal electrocardioe:rams but nothing to in-
dicate a particular association with gall bladder dis-
·~ 
., :.-. ' 
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ease. '11hat 50 per cent of the fatal cases showed 
market jaundice is considered an indication of the sev-
erity and length of the existence of the infection. 
A1:iproximately 36 per cent of the ~~atients r;ave a history 
of definite cardiac disease previously, differine slight-
ly or not at all from any other series of patients of 
th~ same ace incidence. In five of the patients a car-
diac murmur disappeared after operation. Electrocardio-
graphic studies revealed nothing significant, nor was 
ther anything characteristic in the bacteriology of the 
gall bladder contents. I fact, many of the gall blad-
..., 
ders seemed to be sterile. 
This same question was approached from a different 
angle of study by Fitz-Hugh and Wolferth (23), by ob-
servinp: electrocardiographic chane;es pre- and postoper-
atively in patients with gall bladder disease, and 
definite heart damage. All si:;;. of their patients ex-
hibited cardiac symptoms chiefly aneinoid in character 
but for the most part not of the effort type. All had 
abnormal electrocardiographic chanees, showine chiefly 
-· flat or inverted T-waves in the first two leads. In 
-y·. 
four of their cases the T-waves became upright within 
-
nine months (two of them within three months), one 
·, .. · ·'· ;.,:_..£. ·.4;;41.._r,, 
_ .. ; 
,· 
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.. "\ .·'+tf!.ft'o. I 
-54-
showine chane;es towards normal' in seventeen days; the 
fifth one, wjo was severly decompensated and had a 
chronic &Uricular fibrillation, became well compen-
sated and the arrhythmia disappeared for two months 
follcwinc; surcery. The sixth case became complicated 
with acute pancreatitis. 
Rehfuss (52) studied 200 consecutive cases of gall 
bladder disease and found that in 71 cases or 35.5.per 
cent there was evidence of cardiac consciousness in 
some form. In six, or three per cent it sugr:ested 
angina pectoris. 
Straus and Hamburger (63) in 1924 reported four 
cases of diseased gall bladders associated with definite 
cardiac irregularities, shown either by the electrocar-
diogram or by the pulse. In three of the cases the ir-
regularities disappeared postoperatively. 
Experimental Evidence 
That cardiac irregularities may be induced re-
flexly from visceral excitation is supported by certain 
exerpimental evidence. Schrager and Ivy (59) in dis-
cussing the symptoms produced by distention of the gall 
bladder and biliary ducts in dogs reported that changes 
in blcod pressure and heart rate are caused, which, 
however, are not uniform. These results were cpnfmrmed 
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by Scott and Ivy (61). However, they found that the 
effect of distention of the biliary passoges in the 
frog was less effective than in the dog. Mechanical 
stimulation and even distention of the frog's gall 
baldder and biliary passages had no effect on the car-
diac rhythm analogous to that sometimes observed when 
a similar stimulus was applied to the stomach or the 
intestines. In the cat a rise in blood pressure occurs 
on distention of the common bile duct without a deci-
ded chan0e in the heart rate. 
Scott and Ivy concluded that the experimental 
evidence does not indicat~ definitely the existence of 
a direct reflex connection between the biliary passages 
and the cardiac activity, since a definite disturbance 
of the heart on stimulation of the biliary tract is the 
exception rather than the rule. 'l'hey point out that 
in the experiments performed on dogs and frogs thus far, 
only normal mechanisms have been excited presumably. 
However, Bellet (7) observed later in dogs no change 
~' 
in the heart function upon distention of the gall 
bladder in the presence of a normal heart but where the 
heart was diseased, serious cardiac disturbances were 
observed. 
Judging from some of the variable results obtained 
\ 
' '-.,_.; 
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.. 
from dj_stention of the gall bladder, Schraeer and Ivy 
(59) expressed the belief that the r~action of the 
Qardiovascular system to distention f the biliary pas-
sages is dependent on the functional state of the car-
diovascular system at the time the d stention occurs. 
In a different approach to esta lish the presence 
or absence of gall bladder-heart ref exes, Buchbinder 
(14) reported some interesting exper on the frog 
in regard to the effects of incision of the gall blad-
der on cardiac activity. He observe that simple inci-
sion of the gall bladder caused a tr arrest of 
the heart, lasting from one to ten s conds, followed 
by a sinus bradycardia lasting from ne to ten minutes. 
Occasionally, he observed dilatation and permanent 
arrest. These effects were attribut d to a reflex 
vagus inhibition due to the acute ch nge in pressure in 
the biliary tract incident to the in ision of the gall 
bladder. 
Powever, Scott and Ivy (61) lat r demonstrated 
that this phenomenon was due to loca chemical irri-
tation by the bile on nerve endings n the peritoneum 
or surrounding organs which reflexly excite the cardio-
inhibitory mechanism. In addition, oth Carlson and 
Luckhardt (16) and Scott and Ivy fai ed to obtain 
-57-
cardiac inhibition in the dog when bile WLs injected 
into the peritoneal cavity showine that the viscero-
cardiac reflex rr.echanisms are different from those of 
the frog. 
Being su~c,ested by the clinical and experimental 
evidence already cited,, Owens (50) concluded that 
jaundice,, biliary tract disease,, or liver injury might 
Lead to a sensitization of the mechanism concerned in 
the production of cardiac arrhythmias on visceral ex-
citation. He found that in one of ten dogs the produc-
tion of jaundice caused a shifting of the pace-maker 
within the sinus node. In one of four anesthetized dogs 
in which jaundice had been present for one week,, a ven-
tricular extrasystole resulted on distention of the gall 
bladder. In :rive unanesthetized dogs me.rked and more 
uniform cardiac arrh;fthmias resulted on distention of 
the biliary passaces. However,, the arrhythmias were 
closely associated with or related in time of occurrence 
to the production of nausea and vomiting. 
having already demonstrated that nausea,, retching,, 
and vomiting caused cardiac irregularities,, Critten and 
Ivy (17) carried these experiments of Owens a step far-
ther. They assumec that bile salts increased the tone 
\ ... ./ 
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of the vagus. Therefore, icterus would increase the 
cardiac irregularities after apomorphine and after dis-
tention of the biliary passages. Icterus per se gave 
variable results, for ectopic beats occurred after ic-
terus, but in some animals sucl: beats disappeared after 
the animals were icteric. No accentuation of the sinus 
arrhythmia, as reported by Buchbinder, was observed, but 
the rate chances showed a tendency toward an increase 
in the majority of animals. The depth of the icteric 
coloration of the sclera did not parallel the extent b~ 
the cardiac irregularities. The results in the icteric 
animals receivine apomorphine showed mor~ cardiac ir-
regularities than were observed before the animals be-
came icteric. This is in accordance with their original 
hypothesis. 
,. 
With a submaximal stimulus by apomorphine, it was 
noted that t:he cardiac irregularities paralleled the 
degree of icterus. The distention of the biliary sys-
tern caused nausea, retching, ~omiting and pain, all of 
which were associated with cardiac irregularities which 
closely paralleled the degree of icterus present. 
Par less observations have been made on man from 
the standpoint of viscerocardiac reflexes. Lennox, 
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Graves, and Levine (38) in a study of 48 patients during 
~ur~ical operation, as well as Marvin and his associates 
(44,45) in a similar study of 60 patients do no report 
any changes in the electrocardiogram which could be 
attribute, to manipulation of the viscera. 
}:)ettman and Rubinfeld studied the electrocardio-
graphic manifestations during cholecystectomy under spinal 
anesthesia. They found that the rate chances were var-
iable, but the usual effects of anesthesia, firessure, 
clamping and pullong on the E;all bladder were to in-
crease the heart rate over control periods; while 
both the release of the gall bladded tension and the 
occlusion of the cystic duct usually caused inhibition 
of the heart. Arrhythmias occurred in only three patients. 
The fregu,=>ncy of ectopic beats increased in one patient 
who already had them present. The second showed ec-
lbc:Ypic beats, while the third developed a sinus arrhy-
tbmia. 
In a more extensive electrocardiographic study of 
patients undergoing abdominal surgery, Maher, Critten-
den, and Shapiro (43) found frequent changes directly 
associated with some operative visceral stimulation. 
Once the PR-interval was shortened 0.03 seconds when 
'( 
•, 
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the gall bladder illas being pulled up, while on another 
occasion the Q.RS- omplex became widened and notched 
with the same vis eral manipulation. In one patient 
with slight jaundice the height of the R-wave was de-
creased 2 mm. during anesthesia and operation, but was 
increased to 2 to 4 mm. postoperatively. Pulling on 
the gall bladder decreased the rate 45 beats per min-
ute in two cases, and 25 beats per minute in another. 
Auricular eztras stoles began in one cholecystectomy 
case while the s in incision was being made and dis-
appeareci when th gall stone was removed. They ap-
pea.red again whe the peritoneum was being closed. In 
a chole~ystectom under ether, interpolated beats of 
nodal origin.a.pp a.red when the cystic duct was being 
cut. In their t ee jaundiced patients, changes in 
quency from thos not jaundiced. 
Etiological Theories 
No evidence yet has made it possible to prove 
definitely just hy diseases of the biliary tract 
should result in cardiovascular damage, nor has it been 
answered why som cases seem to be drawn into the gall 
bladder picture d others have not. Perhaps a sound 
,, 
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heart can stand the effect of infection and reflex 
vagal stimulation and quickly recover, while another 
may be more seriously affected, especially since gall 
~ladder disease occurs chiefly in the middle age when 
hyperthyroidism, valvular disease, arteriosclerosis, 
and obesity are not frequent and have already impaired 
the heart. 
However, there are a number of theories which 
have been advanced concerning this subject. Among the 
earlier contributors, it has been mentioned already that 
Revillout (54) believed that cardiac murmurs developing 
in gall bladder disease was due to the paralyzing ef ... 
feet of bile salts upon the vasomotor and general cir-
culatory system, while Fabbe (21) simply attributed 
such changes to the accumulation of bile salts in the 
' blood. Riseman~(55) attributed the development of a 
mitral systolic murmur in gall bladder colic to a tem-
porary cardiac dilatation through strain and increased 
tension. 
In 1909, Babcock (4) advanced four possible mechan-
isms to explain the baneful effects on the heart in 
some cases of gall bladder disease. The first one was 
through the cir~ulation in the blood of bacteria or 
their toxins to produce probably a chronic myocarditis. 
• 
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Undoubtecly valvular cardiac disease might result from 
a mild bacteremia of such origin, but even more proba-
ble is the opinion that circulatory toxins resulting 
fron_ biliary tract infection may cause cardiac damage 
(35). Thornton (68) feels that the gall bladder may be 
the source of a chronic focus of infection, acting on 
the myocardium and coronary vessels, and iike any other 
focal infections, it may favor the progress of disease 
even if it is not the immediate cause of it. 
The depressing influence of bile constituents':'.on:· 
the myocardium w~'S Babcock's second theory. This he 
supported by the bradycardia and other effects to prove 
a toxic action of the pigment biliverdin on the myocar~t 
di um. He adds further that: 
"not only may there be chronic, though slight, 
toxic effects on the heart, but the increase in 
blood pressure caused by the bile salts may be a 
factor in gradually overcom:l.ng the functional 
integrity of an already degenerated heart muscle. 
Given on top of this an acute exacerbation ot 
the chronic cholecystitis and we have all the 
factors necessary to acute myocardial incompe-
tence." 
Flint (24), in his ~aper entitled, "The Chole- · 
cystic Heart", expounded on the irritable character 
of the heart muscle in the presence of cholecystitis. 
He explained this as beind due to an increase in the 
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permeability of the living cell menbrane, thereby in-
creasing the irritability of the cardiac muscle and 
increasing the rate of the heart beat. He held that 
the reverse is true; that !ls, that a diminution of the 
bile salts circulating in the blood causes ad ecrease 
in the permeability of the lining cell membrane and a 
diminished irritability. In jaundice, according to 
him, the bile salts circulating in the blood are dimin-
ished, which 8.ccounts for the slow pulse associated with 
this disease. 
Babcock's third theory is that of irritation of 
the splanchnics. uince the splanchnic nerves are the 
regulators of the circulation, he reasoned that it may 
be that disturbance of the intra-abdominal circulation 
may prove an added factor, -by unfavorably affecting an 
already weakened heart and to lead to its dilatation 
and incompetence. No further mention of the possible 
role of this mechanism was noted in the literature. 
The last theory advanced by Babcock, and the one 
~iich has received the most experimental evidence is the 
fefiex effect of the gall bladder on the breast. The 
work of Crittenden and Ivy, Scott and Ivy, Owens and 
Buchbinder ha11e quite conclusively demonstrated the pres-
ence of gall bladder-heart reflexes in frogs and dogs. 
\.._.,I 
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Bellet ('7) demonsLrated serious cardiac disturbances 
in dogs whose hearts were already damar,ed. Crittenden 
and Ivy (1'7), Bettman and Rubenfeld (10), and Maher 
and his associates (43) have likewise demonstrated the 
same in man. 
Recently in discussing a paper (not yet published) 
by Stroud, Barnes (5) pointed out that there is some 
.evidence that· disturbances in lipid metabolism are 
associated both with coronary disease and with disease 
of the biliary tract. He further stated that, 
"If Dr. Stroud had found that removal of an 
infected gall bladder resulted in reduction in 
the lipids, one would feel a bit more encouraged 
t ;· ·i to:i thinkrtha'b1 ·pdssi bly such a procedure might 
expected to improve disease of the coronary 
vessels." 
Discussion 
A natural question to raise at this point, is that 
concerning the incidence of cardiac involvement in gall 
bladder disease. Is there more thaL just an incidental 
association between heart disease and gall bladder dis-
ease than there is to be expected with any series of 
patients of the same ages? In the series reported 
by Schwartz and Herman (60), 63 percent of their pa~ 
tients showed cardiac involvement; while Willius and 
Fitzpatrick ('7'7) reportec.i. an incidence of about 39 per 
centage. Leech (36) found only 25 per cent, while Iteh-
·,I 
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f.uss reported a frequl,ency of 35.5 per cent. It is in-
teresting to note in".a. recent report by Johnson (32) 
I 
on 2,400 routine electirocardiograms of apparently heal-
i 
thy men the incidence bf abnormal findings. The average 
I 
age of this group was ~7~8 years. 10.4 per_ cent showed 
definite impairment, while 55.8 per cent were considered 
I borderline cases. (Of' the former 87.2 per cent were 
I 
symptom-free.) This :p19port of Johnson's may at least 
approximately serve 
heart disease in an 
asla'measure to the incidence of 
I 
apfarently healthy group of about 
the same average age a' those we are interested in. 
By comparing the two, i.e., those of the gall bladder 
. ! 
series and Johnson's srries, a definitely increased 
incidence of cardiac i!jtvolvement is seen in the former. 
However, Leech conside~s his percentage approximately 
! 
that which is to be ex~ected in such an age group ir-
respective of co-exist~ng diseases. The other men, 
whose reports are giverl, feel that the incidence of 
I 
heart disease is highe~ than that to be coinc~dently 
expected, and that the:rle is ad efinite relationship 
betwee~ gall bladder d~sease and heart disease. 
I 
Bellet expresses ~he opinion of many clinicians 
when he says: 
"Neither the eJidence available in the litera-
l I 
I 
·. I " 
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ture nor our own clinical experience justifies 
the conclusion that ~all bladder pathology can act 
as an etiolo[ic, agent in producine actual myocar-
dial changes in an otherwise normal heart. It can, 
however, act as an aggravating factor in the pres-
ence of already existing myocardial disease; ih 
such cases it may precipitate serious cardiac dis-
turbances." 
Judging from their experimental results, Schraeer 
and Ivy concluded that the functional status of the car-
diovascular system is the determining factor in the 
reaction fron· distention of the biliary passac;es. 
Bettman, and Scott and Ivy concurred with this. Babcock 
( 4) expresse~-~ the clinical corollary of this by suggest-
ing that a previous state of the myocardium may have 
some effect in determining what cases of chronic chole-
cystitis will develop cardiac symptoms. 
In some cases biliary tract disease may cause 
cardiac disease but in _other cases there may be primar-
ily a more independent relationships. Klemmer and 
Klemmer (35) express this opinion and explain it as' 
follows: 
"Both cardiac and biliary tract disease may 
exist during the early paa:-t of the patient's life. 
If no troublesome symptoms occur from the biliary 
disease, it receives no treatment, either surgical 
or medical. However, later in life the heart 
begins to lose its r,_-)serve power, and to show 
signs of decompensation. Now a vicious circle 
may occur. The weaker the circulation due to 
cardiac insufficiency, the more the passive conges-
tion of the liver, and the less readily the liver 
can perform its functions of formation of digestive 
ferments, glycogen stora~e, detoxication, et~. A 
• 
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previously !diseasec: biliary tract renders the con-
dition eNen less favorable. On the other hand, 
the poorer the function of the liver, the more 
toxic products in the blood and the more the em-
barrassment of circulation through congestion in 
the organ itself, and also from actual pressure on 
the heart by gaseous distention of the stomach and 
intestines. In other words, while the heart has a 
large reserve of energy and is not forced in its 
work, chronic biliary disease will not be so vital 
a consideration. But as soon as the heart begins 
to labor we have the recognized symptoms of coexist-
ing cardiac and biliary disease~! 
The evidence r,iven to demonstrate the presence of 
gall bladder-cardiac reflexes is rather convincing in 
favor of th"1,even though they were not consistently 
found in all cases. The fact remains that in a certain 
percentar;e of cases, changes cwere produced which were 
directly related, in time at least with a definite stim-
ulus. As :Maher and his associates (43) exprcssec it, 
the positive res~lts ~1ich were obtained were probably 
due to the fact that in exceptional instances at least 
there was sufficient gap in the inhibitions to admit 
a viscerocardiac reflex. 
The work of Owens and particularly that of Gritten-
den and Ivy in showing that jaundice sensitizes the 
vagus mechanism is especially interesting. They were 
able to demonstrate that with a given stimulus the car-
diac response would be proportional to tbe degree of 
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icterus. Although these findings were not tried in 
man, perhaps the bradycardia so frequently observed 
in the jaundiced patient rnay be accounted for through 
this mechanism. The same may be said for some of the 
arrhy~hmias, particularly the paroxysmal forms, such 
as auricular fibrillation, auricular f'lutter, and the 
several ectopic beats as well as for some of the tran~ 
sient forms of heart blocks. 
The results of Fitz-Hugh and Wolferth (23) in 
their electrocardio5raphic study of operative gall blad-
der cases merit further consideration, for certainly 
their patients gave comparatively serious electrocar-
diographic changes before surge:ry was instituted. With 
the return of the T-wave to the upright position, as it 
did in their cases, it appears that not only may gall 
bladder disease injure the myocardium, but that the pro-
cess, at least to a certain extent, is reversible. 
These men feel that the majority of patients with ,coro-
nary and myocardial types of heart disease, who have 
associated gall stones, are usually greatly benefited 
by proper surgery. However, they make the following 
reservations: 
"(l) that many patients with gall stones fail 
to present electrocardiographic or other evidence 
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of cardiac disease, (2) that not all patients with 
associated gall stone disease and heart disease arc 
benefited by ~all bladder surgery, and (3 ) that 
occasfonally a catastrophic coronary occlusion may 
occur during a bout of smouldering calculous chole-
cysti tis or choledochitis as well as durine or soon 
after operation for relief of the latter conditions." 
Katz (34) is somewhat undetermined. as to whether 
gall bladder disease perpetuates or aggravates coronary 
disease, but he feels that there is no doubt that re-
flexes can come from the gall bladder which affect the 
hea~t. In addition, in the presence of gall bladder 
disease, such reflexes may when coronary disease is already 
present, aggravate the symptoms of both the gall bladder 
and the heart. He believes they may actually lead to 
coronary spasm. He has seen some selected cases in 
which gall bladder operations seemed helpful, and he ex-
plains the mechanism accordingly: 
"Pain is a sensation, and painful stirnuli that 
may be below the threshold in the heart may sum-
mate with painful stimulit from the gall bladder, 
and the two together reach the field of conscious-
ness of the patient." 
In such cases, Katz belieV8S that removal of the gall 
bladder may eliminate one factor contributing to the 
pain and make the patient more comfortable. Barnes (5) 
adds that he has never been impressed with the fact 
that the removal of an infected gall bladder or a gall 
bladder with stones has influenced the degree or progress 
' ' 
' 
' ' 
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of coronary sclerosi~. 
I 
Conclusions 
The balance of clinical evidence shows a tendency 
for a grcJater incidence of heart disease in patients 
suffering from gall bladder pathology than would other-
wise be expected in persons of. the same age group. The 
cause of this apparent relationship is undetermined as 
yet. Some selected cases in whom there is cardiac pain 
or disturbances of rhythm are benefited by gall bladder 
surgery. 
The presence of gall bladder-heart reflexes has 
'been adequately demonstrated, although they are not 
'constant. It appears that the greater the existing 
cardiac damage, the more frequent do these reflexes 
manifest themselves. 
Experimental evidence demonstrates that icterus 
sensitiz(:)s the vagus mechanism in the dog. 
\ 
' 
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